The Development of Adaptive Facade System by Sjarifudin, Firza Utama

PROCEEDING 
 
 
SUSTAINABLE DESIGN 
IN CREATIVE 
INDUSTRY TOWARDS 
BETTER HUMAN LIFE 
INTERNATIONAL CONFERENCE ON 
CREATIVE INDUSTRY 2011 
 
 
 
 
Organized by:                            
DEPARTMENT OF INDUSTRIAL DESIGN  
Faculty of Civil Engineering and Planning 
Sepuluh Nopember Institute of Technology  
 
10 March 2011, Denpasar Bali 
 
 
 
 
1
ORGANIZATION COMMITTEE 
 
Honorary Committee: 
Prof. Ir. Priyo Suprobo, MS, PhD 
Prof. Ir. Joni Hermana, MSc.ES. PhD 
Person in Responsible: 
Ir. Baroto Tavip Indrojarwo, MSi 
General Chairman: 
Dr.Ir. Bambang Iskandriawan, M.Eng. (Program Chair) 
Thomas Ari Kristianto, SSn, MT. (Subprogram Chair) 
Technical Program Committee: 
Ir. I Gusti Ngurah Antaryama, PhD (ITS) 
Drs. Taufik Hidayat, MT (ITS) 
Kenta Kishi, SCI Arc, M.Arch (Tokyo Institute of Technology) 
Dr. Agus Windharto, DEA (ITS) 
Ir. Kresno Soelasmono, MSR (ITS) 
Ir. Budiono, MSn (ITS) 
Paper/Proceeding: 
Sayatman, SSn, MSi, Dra. Anna Enariah, MT 
Treasury: 
Ir. Nanik Rachmaniyah, MT, Faizal Rizal, SE 
Secretary and Sys‐Info: 
Anggri Indraprasti, SSn, MDs, Aria Weny Anggraita, ST, MMT 
Dyah Ayu Prasetyawati, ST, Adinda Paramita 
Program & Protocol: 
Eri Naharani Ustazah, ST, MDs, Firman Hawari, SSn, MDs 
Octaviyanti Dwi Wahyurini, ST 
Web Publication & Documentation 
Rahmatsyam Lakoro, SSn, MT, Nugrahardi Ramadhani, SSn, MT,  
Djoko Kuswanto, ST, Bambang Mardiono, S.Sn 
Sponsor & Exhibition: 
Anggra Ayu Rucitra, ST, MMT,  
Primaditya, SSn, MDs, Andjrah Hamzah Irawan, ST, MSi,  
Waluyohadi, SSn, Ir. Prasetyo Wahyudie, MT, Kartika Kusuma Wardani, ST, MSi 
Venue: 
Sabar, SE, MSi 
Bambang Tristiyono, ST, MSi, Ir. R. Adi Wardoyo, Jatmiko, ST, Untung 
Food and Beverage: 
Hertina Susandari, ST 
Ir. Susy Budi Astuti, MT, Eviliawanti 
Assistance: 
Nursari, Sholehan, Siyono, Slamet Riyadi, NKS Wahyudi
i 
 
 
PREFACE 
 
 
 
Welcome  address from 
Prof. Ir. Priyo Suprobo, MS, PhD. 
Rector of Sepuluh Nopember Institute of Technology 
 
 
Ass. wr. wb. and sincere greetings to all. 
It gives me great pleasure to welcome all the speakers, participants and distinguished guests to the 
International Conference on Creative Industry (ICCI) 2011 at Sepuluh Nopember Institute of 
Technology. There are fourteen field of creative industry will be discussed in parallel session. I 
trust that you will find the ICCI 2011 informative and Interesting, and hope that numerous creative 
industry discussions will be deliberated and friendship will bloom as well. I hope that you exploit 
your best shot and effort during this one day, not only to present your paper but also to get to 
know each other and broaden your relationship. The Organizing Committee is ready to assist you 
and help you. Please, feel comfortable during your stay in Bali. 
Sepuluh Nopember Institute of Technology is among the top universities in Indonesia which focus on 
research-driven activities especially in science, engineering and art fields. The variety of research 
activities are multi-disciplinary in nature, extending across faculties and departments, often 
crossing traditional subject boundaries. Thus, this conference is initiated to provide opportunities 
for the young researches to gain invaluable experience and useful insights on issues pertinent to 
their areas of specialization. In addition, this conference also aims to enhance the contribution and 
strengthen the role of the graduate scholars in responding to various issues and challenges facing 
graduate education. 
I would like to take this opportunity to express my greatest utmost gratitude to the Reviewers and 
the Organizing Committee for their relentless effort and undivided attention in ensuring the 
successful implementation of the conferences. Las but not least, my sincere appreciation to all the 
sponsors and all those involved in making this seminar possible 
Personally, I hope you gain benefit from this conference, and get pleasure from your stay in Bali. 
 
Wass wr wb. Thank you. 
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PREFACE 
 
 
 
Welcome  address from 
Prof. Ir. Joni Hermana, MSc, PhD. 
Dean 
Faculty of Civil Engineering and Planning 
Institut Teknologi Sepuluh Nopember (ITS) 
 
Assalamualaikum Wr. Wb. 
Peace be upon all of us 
 
First of all, I would like to welcome you all – our distinguished guests and delegates from national 
and overseas to the International Conference on Creative Industry 2011. I wish you have a pleasant 
stay in Indonesia, especially here, in Bali and may this conference be a rewarding experience to 
you. 
I should admit that it is a great honour and privileged for me to address a message in this wonderful 
occasion. The Conference – which is organized by our colleagues from the Department of Product 
Design, Faculty of Civil Engineering and Planning – is hoped to become the accentuation of ITS 
commitment towards the development of creativity as a part of new economic backbones for the 
nation. As we know we have just been leaving the information technology era to the –what so 
called – conceptual era.   
The conference is conducted to cover a wide range of design and creative industry issues. I hope 
this one day conference will facilitate interesting discussions and exchange of ideas between all 
participants. Furthermore it would provide us a state-of-the-art of information and knowledge in 
the challenging world of design and creative industry. The growing success of our institutions and 
expertise should urge us to develop our competitive capabilities, especially as we face certain 
challenges which would be overcome through more smart works, working together hand in hand. 
We will work mutually to develop a common path and collaboration opportunities for future actions 
and researches on multi disciplinary design areas. 
I would like to take this opportunity to express my sincere appreciations and gratitude to the 
invited speakers and the organizers of the Conference for their commendable efforts in organizing 
and conducting the conference and also to the co-organizers as well as participants for their 
distinctive roles in making this conference a success. 
I would like to conclude my remarks by wishing all the best for the Conference and wish all 
participants have a very pleasant stay here in Bali.  
Thank you. 
Wassalamualaikum Wr. Wb. 
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PREFACE 
 
 
Welcome  address from 
Ir. Baroto Tavip Indrojarwo, MSi 
 
Head 
Department of Industrial Design 
Faculty of Civil Engineering and Planning 
Sepuluh Nopember Institute of Technology 
 
Ass. wr. wb. and sincere greetings to all. 
First of all, kindly, I would like to give you a great gratitude for you coming to this important event 
that is conducted by our department. Our department has been founded for 13 years. As an 
education institution, it is still an infant. However, we have tried to give our best in contributing 
our knowledge in the field of Design and Creative Industry especially how we contribute to help the 
community for having better design facilities, indirectly. 
We know that it is still a long way to achieve the target; however, still one step is much better 
than nothing. 
This international conference will help us and, I believe you too, to comprehend more knowledge 
especially in design and creative industry. 
Notwithstanding, the special topic of this conference is for the sustainable design in creative 
industry, but it will not confine the problems on this region since other regions may have serious 
problems related to design and creative industry. 
 
We hope that you will enjoy all programs in this conference.  
Wass wr wb. Thank you. 
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PREFACE 
 
MESSAGE from 
Dr. Ir.Bambang Iskandriawan, M.Eng. 
The Chairman of ICCI 2011 Organizing Committee 
 
Ass. Wr. Wb. and sincere greetings to all. 
On behalf of the Organizing Committee, it is my greatest pleasure to extend our warmest welcome 
to all of you to the 1st International Conference on Creative Industry 2011 (ICCI2011). 
The 1st International Conference on Creative Industry has been organized by Department of 
Industrial Design, Faculty of Civil Engineering and Planning, Sepuluh Nopember Institute of 
Technology. It will be an opportunity for international community, academics, scientist, and 
engineers to present and to exchange much ideas and their progress in researches. In line with 
educational process, this technical conference is designed to promote tremendous researches, 
enhance the skill in paper writing and oral presentation. All the excellent papers and experiences 
gained in this conference will be much valuable to increase the quality of research and design 
achievement. This year around 126 abstract papers had been reviewed and 90 full papers from 
Indonesia and overseas are accepted for the conference proceeding. 
Two keynote and three plenary speakers are invited in the plenary session after opening ceremony. 
These distinguished speakers are The Minister of Cooperative and Small Medium & Enterprise and 
General Director of National Export Development as the representative of Trade Ministry. Oral 
session will be held during conference will be focusing on all aspect in creative industry. We are 
fortunate to have a lot of fine quality papers that belongs to: 
25 papers on Graphic, Advertising, Film, Videos and Television 
20 papers on Architecture & Interior and Environment 
26 papers on Product and Craft 
19 papers on Fine Art, Design Management, Research & Development, Social Art, Music, Fashion and 
Recording 
 
I would like to thank you to various contributors, speakers and participants for your generous 
support of this conference. It is my pleasant duty to thank all the members of Organizing 
Committee and the Advisory Boards of Reviewers for their advices and help. We are grateful to all 
the Sponsors, Supporters and Exhibitors for their spontaneous response and encouragement by way 
of committing funds and extending help in kind. 
I would like to sincerely thank the Dean of Faculty of Civil Engineering and Planning, ITS as well the 
ITS Rector, for fully supporting the Committee to make this conference happen and to make it a 
success. 
Finally, we encourage you to explore the beautiful sights of Bali, East Java and Indonesia during 
your stay. I wish you a very pleasant stay here in Bali and finally, let me wish all of you a 
meaningful and fruitful conference. 
Thank you and hope to see you again in ICCI 2013. Wass. Wr. Wb. 
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Abstract— This paper will cover the development of 
Adaptive facade System. Adaptation is essential to 
managing the problem of climate change. In order to 
meet this growing challenge, the system will propose a 
new generation of facades that optimize their 
configuration in real time by responding to 
environmental changes that could achieve new levels of 
sustainable performance. 
Performance-based technologies in architectural 
element have barely lived up to their full potential. For 
example, the physical design of building facade has 
remained largely unchanged for many decades; further 
improvement is necessary to significantly improve 
performance. 
The Adaptive Facade System controls light levels, 
solar gain, and thermal performance that could reduce 
energy usage, enhance comfort, and increase the 
flexibility of the built environment. The facade system is 
developed using kinetic object method that could 
generate changeability in its form, pattern, and 
orientation that was controlled by actuators. These 
actuators received inputs from surrounding 
environmental data. Furthermore parametric tools, 
sensors, and environmental modeling was used to create 
truly dynamic and responsive facade.  
Rising energy demands, along with the lack of 
design solutions that sufficiently respond to the changes 
in our environment, may well be the defining problems 
of our century. Adaptation is the means by which we 
can begin to address these daunting challenges and 
enter a new era of innovation. 
 
Index Terms—Adaptive System, Environmental 
Performance, Facade.  
 
 
I.   INTRODUCTION 
Current façades tend to be developed in layers, 
resulting in a subdivision of the problems and also a 
subdivision of only partial solutions (Knaack et al., 
2008). As Lichtenberg (2005) puts it, construction 
has evolved in a way called ‘innovation by addition’; 
an approach that leaves room for substantial improve- 
ments. Adaptive façade system attempt to reconcile 
the multiple performance aspects in a more holistic 
way.  
Many projects have demonstrated that for 
example adding blinds that are irregularly controlled 
by occupants will not fundamentally change the 
performance picture (Reinhart and Voss, 2003; 
Selkowitz et al., 2003; Mahdavi et al., 2008). 
In the ideal case, the building shell is designed in 
such a way that performance of the whole building, 
in terms of environmental, economical and social 
attributes is maximized. The building’s environment 
however changes over time, and this also applies for 
occupant’s preferences. By definition, changes thus 
also occur in building performance, in ways that tend 
to divert from what was intended. In order to still be 
able to provide satisfactory performance sustainably, 
buildings need to have some way to cope with these 
changing conditions. 
  
II.  METHOD 
Two primary concerns are targeted in this 
research. First is the humanistic value, to maintain an 
optimal thermal comfort level for inhabitants within 
the building while providing an interface between the 
unpredictable environmental behaviors outside and 
the more habitual climactic preferences of the user 
inside. The second fixates on the efficiency and per 
formative intelligence of this kinetic facade system 
which will respond to multiple environmental 
parameters while absorbing as well as consuming 
energy it receives.   
The development of adaptive facade began by 
researching a broad range of precedents that 
emphasized interactively between facade systems, the 
environment, and its users. In order to access this 
research, a matrix that classifies each system’s 
programmatic objectives, electromechanical makeup, 
material, and facade typology was created (Figure 1). 
We expanded our research on four of these case 
studies to gain a more in depth understanding of how 
these system’s operate. In particular, we wanted to 
discover what sensory inputs are driving the system, 
how their inherit properties affect the final output, 
and how the electromechanical systems coordinate to 
create a kinetic surface.  Furthermore, we fixated on 
the design of a double-skin facade. While the external 
skin of the façade will react to thermal conditions, the 
users of the building will be able to manually operate 
secondary ventilation and shading systems for the 
internal skin. 
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Fig 1. System classification. 
 
A. Mechanism 
Adaptive mechanisms consists of adaptations 
where movement can be observed with the naked 
eye. This type of building shells is often referred to as 
‘kinetic envelopes’, which implies that there is a 
certain kind of motion. Adaptation on the macro-
level usually results in a change in the building 
shell’s configuration via moving parts, which can be 
(i) individual components supplemented to the 
building shell such as Milwaukee Art Museum by 
Santiago Calatrava, (ii) subsystems of the building 
shell itself such as City of Justice by Foster and 
Partners as well as (iii) movement of the façade as a 
whole such as Sundreyer Gmbh. The types of motion 
observed vary widely and are typically described by 
one of the following gerunds: folding, sliding, 
expanding, creasing, hinging, rolling, inflating, 
fanning, rotating, flowing, curling, etc. 
The most frequently encountered driving principle 
for the mechanical transformation is still the 
electromotor. 
 
B. Controlling Kinetic Function by 
Computational Means 
Precedent in embedded computation will serve 
as a foundation for the explicit means of controlling 
kinetic motion. Such means can be described 
diagrammatically as the controlled source of 
actuation. Specifically we are interested in addressing 
embedded computation as a control mechanism for 
kinetic function to accommodate and respond to 
changing needs. Such systems will be utilized to 
interpret functional circumstances and direct physical 
movements to adaptively better suit changing human 
needs. The issue of controlling kinetic motion is 
central to issues of design and construction 
techniques, kinetic operability and maintenance, as 
well as issues of human and environmental 
interaction. 
The basic system for control begins with an 
outside input to a sensor. The sensor must then relay 
a message to a control device. The control device 
relays an on/off operating instruction to an energy 
source for the actuation of movement (Figure 2). We 
define In-direct control here as a singular self-
controlled response to a singular stimulus. 
 
 
Fig 2. Diagram of control system. 
 
C. Façade Design 
The design of adaptive facade system is to 
control the amount of light and transparency within 
the building through the manipulation of Diaphragms 
(Figure 3). A single panel diaphragm, repeated across 
the entire facade compromised of multiple motor 
controlled apertures (kinetic system) whose openness 
changes in response to the measured exterior lighting 
conditions (sensing system).  
 
 
Fig 3 Geometric development of the Diaphragm. 
 
A tetrahedral frame was used as the structural 
system for this project. This form of frame consists of 
two types of polyhedron, a tetrahedron and an 
octahedron. In this research we decided to locate the 
diaphragms within the tetrahedrons because this 
would allow an actuator to be anchored to one 
vertices of the tetrahedron and then be able to push or 
pull the diaphragm (Fig 4). Some limitations of 
integrating the geometrical shape into a space frame 
lead to a search for other possible forms. The first 
limitation was that the bellows would need to be 
tapered to fit within the tetrahedron. It would have 
been possible to create a lever arm situation where 
the bellows were located within the octahedron with 
the actuator still located in the tetrahedron, but it was 
felt that this approach would clutter the space frame 
and likely lead to operational conflicts. Another issue 
was the fact that a linear actuator only allows for a 
length of movement that is less than half the depth in 
which it is located because when collapsed, the body 
of the actuator must hold the length of the extension. 
In addition to this, when bellows are collapsed they 
remain the thickness of all the material folded 
together. Large number of folds and the fact that 
multiple folds intersect at a single point were seen as 
issues that could affect the life of the part. 
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Fig 4. Diaphragms located within the tetrahedrons of 
a small section of a frame structure. 
 
D. Parametric Model 
Parametric modeling was an essential tool during 
this project due to the complexity surrounding the 
folding operations of the diaphragm. After exploring 
the possible use of bellows an attempt was made to 
design a flexible form that when collapsed would lay 
flat and when expanded would be able to displace a 
larger volume than the bellows. Figure 5 shows the 
development of the parametric model. A tetrahedral 
frame which consists entirely of triangles on the inner 
and outer skin, but in an effort to make the diaphragm 
system more flexible, the parametric model was set 
up to work with a polygon with any number of sides. 
This polygon would then be subdivided into petals by 
connecting the vertices of the polygon to its center 
point. The petals would then be rotate around their 
outer edge in order to open and close the diaphragm. 
 
 
Fig 5. Polygon cell (1) divided into petals (2) and 
then rotated about outer edge (3). Outer folds (4) are 
found first then used to find the center point of the 
cell (5) which allows the rest of the panels to be 
found (6). 
 
The challenge of the development became 
finding a way of in-filling the space between the 
petals as they opened. To do this a series of folds 
were developed by intersecting circles or spheres 
whose radius determined the length of each fold. The 
main parameters or genes of the design were the 
values for each radius. Different combinations of 
radii led to different characteristics of the diaphragm. 
The parametric model allowed for an evolving 
understanding of the how each fold influenced the 
properties of the diaphragm. 
The parametric model was also used to unfold 
the diaphragm into a single form. This not only sped 
up the process of going from the creation to 
fabricating a new iteration, but also served as a 
means for better understanding the geometry of the 
diaphragm. When the geometry was digitally 
unfolded and examined over the range of positions, 
from being fully closed to fully open, it was revealed 
that there were edges that that changed slightly in 
length. This lead to new iterations of how the folds 
were created and in what in order. In the end, it was 
not possible to remove all of the lines which changed 
length, but it was possible to limit that change to be 
less than 3% of the overall length of the line. 
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III.   RESULT AND DISCUSSION 
The research presented in this paper introduced 
the adaptive façade system which utilizes a large 
number of diaphragms to control light level and solar 
gain. Figure 6 and 7 shows the façade model and 
interior view of the façade system.  
While many aspects of a functional system, such 
as ventilation and air filtration, were left out of the 
project to simplify the initial scope, there were still 
promising discoveries. Over the course of the project 
new ideas emerged, about different types of actuation 
that could be used or other configurations that the 
project might take on. 
Architects are most familiar with confronting the 
concept of flexibility, but there is the potential to 
extend this flexibility by using design tools which 
allow for changes to more easily be explored during 
the design process. It is important that these tools 
allow for the parameters or genes of the design to be 
easily manipulated so that the designer can begin to 
understand the complexity of the relationships 
between these parameters and the performance of the 
design. Without that experience and time the 
complexity of the problem is instead seen as a 
complication. 
 
 
IV.   CONCLUSION 
The design of active building systems are largely 
left to outside consultants, but there is potential for 
architects to engage with these systems at a deeper 
level, in collaboration with engineers, for the purpose 
of designing systems which are an integral part of the 
architecture. The responsiveness, maintenance, and 
life cycle of the system must be considered in 
conjunction with its energy usage. 
The ever increasing power of computation tools 
opens opportunities for building systems to learn and 
adapt on their own to environmental changes, but this 
ability requires significant changes in both how 
systems are designed as well as the way they are 
programmed to behave. 
 
Fig 6. Adaptive façade model. 
 
 
Fig 7. Interior view of the façade. 
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